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Materials and reagents
All chemicals used were of analytical grade or of the highest purity available. 
Characterization
The morphology and size of DEA-Au NPs were characterized by transmission electron microscopy (TEM) by a Philips TecnaiG2 TEM using an accelerating voltage of 200kV. The UV-visible (UV-vis) absorption spectra were taken at room temperature on a UV-2501 spectrophotometer (SHIMADZU CORPORATION) with a variable wavelength between 200 and 1000 nm using a glass cuvette with 0.5cm optical path. The content of metal ions in solution was analyzed by Atomic Absorption Spectrophotometer (TAS-990). The infrared (IR) spectra were collected on a Thermo Nicolet NEXUS IR spectrometer in the wavenumber range 400-4000cm -1 at a resolution of 4 cm -1 . The samples were prepared in the form of pellets together with KBr. were isolated by applying a permanent external magnet. The supernatant was decanted and discarded. Deionized and degassed water was then added to wash the particles thoroughly and was repeated for 5 times to remove excess ions and salts.
Synthesis of DEA-Au NPs
Finally particles were washed with ethanol twice and stored as dispersion in ethanol.
L-(-)-malic acid modified Fe 3 O 4 (MA-Fe 3 O 4 )
Before midification, the Fe 3 O 4 nanoparticles were separated from ethanol by a permanent external magnet and dried. Then, 0.1 g Fe 3 O 4 nanoparticles were dispersed in 9 mL of deionized water and 1 mL of 10 -3 M malic acid was added, the mixture were ultrasonic for 30 min. The resulting MA-Fe 3 O 4 were purified via isolated by a permanent external magnet and finally redispersed in water.
Sample preparation for detecting Pb 2+ in drinking water, the Yangtze water and the East Lake water
The Yangtze water and the East Lake water collected from Yangtze River and East Lake (Wuhan, China) were first filtered through a standard 0.2 μm filter, then mixed with 30 mg sodium bicarbonate and boiled for about 30 minutes. After cooling to room temperature, the solution was filtered with funnel twice. Then, 0.2 M HCl solution was used to regulate filtrate until the pH value achieve to 5~6.
The real water samples (drinking water, the Yangtze water and the East Lake water)
were spiked with Pb 2+ at different concentrations and stored at ambient condition until used.
Colorimetric test
The colorimetric tests of DEA-Au NPs responding to transition metal ions are operated as follows: 0.5 mL of 10 -4 M the transition metal ions were added to 1.5 mL of Au colloids (ca. 57.29 nM) and after combining 10 min, the solutions were test.
The colorimetric tests of DEA-Au NPs responding to Pb 2+ with increasing concentrations are operated as follows: 0.5 mL of Pb 2+ (10 -7 , 5 × 10 -7 , 10 -6 , 5 × 10 -6 , 10 -5 , 2.5 × 10 -5 , 5 × 10 -5 , 7.5 × 10 -5 , 10 -4 , 2.5 × 10 -4 , 5 × 10 -4 , 7.5 × 10 -4 , 10 -3 M) were added to 1.5 mL of Au colloids (ca. 57.29 nM), respectively, and after combining 10 min, the solutions were test. 
Lead ions removal test
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3500 3000 2500 2000 1500 1000 500 drinking water (c). Detection limit of Pb 2+ in drinking water is 12.5 μM while the detection limit is a little lower (6.25 μM) in Yangtze River and East Lake sample, which is attributed to the impurity such as salt in the water sample that impels Au
NPs color change at lower concentration (Fig. S10 ).
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